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SUMMARY

This document reports the results of a 25-month research study, entitled
"Evaluation of CONAP concept for Advanced ABM Nosetips.”" This program eval-
uated the performance of the Controlled A mosphere Protection (CONAP) con-
cept in active oxidation protection of a hot refractory metal, transpiration
cooled nosetip for future application in an advanced interceptor missile sys-
tem. The specific objectives of this program were to build, process, test,
and evaluate three-dimensional porous tungsten, sphere cone nogetips at the
Wright-Patterson 50 MW Plasma Arc Facility. In addition, the program eval-
uated distibuted discrete hole models in the Martin Marietta Ramburner Facil-
ity. The porous tungst:n nosetips tested in the 50 MW Plasma Arc Facllity were
processed from Sylvania Tuagsten~Copper (80 v/o - 20 v/o Cu), manufactured
to SPRINT Specification 11181124 (Appendix III). This material selection
was based on the results of previous work accomplished under AMMRC Contract
DAAG46~73-0053 where several porous tungsten materials were characterized for
flow properties and internal heat transfer characteristics.

The testing conducted in the S0 MW facility was intended tc compare and
evaluate the performance of porous nogetip designs in a three-dimensional
environment. The results of this test (summarized in Table I and shown in
Figures 1 and 2) show that: 1) two porous tungsten models (models No. 4 and
5) performeu well for the total test time of 4 secouds, 2) one model per-
formed well for 1.2 seconds and subsequently broke at the neck, 3) one model
failed at 0.5 second, and 4) the vemaining two models did not receive suf-~
iiclent coolant because of expulsion system venting. Of the five porous
tungsten models tested, three porous models cracked longitudinally along
the sidewall, and one broke at the neck during the tests. Only oung of the
n yels had no appavent cracking. Based upon this performance, it was con-
cluded that, in principle, the CONAP porous tuncrsten matrix coucept using a
reactive gaa opevates successfully., The matvix matorial, however, will re-

quire considerable development to qualify as a flight system nosetip caundi~
data.

The significant result of the evaluation of the discrete hole concepts
was that a departure from the ordinary sphere-cone configuration was advan-
tageous ln terms of requiring a minimum flow for survival, Two concepts
in particular required less coolant thau others cousidered: 1) the 30-degree
ogive configuration with sideslots and 2) the sphoere-coue-cone coufiguration
with sideslots (shown in Figure 3),

Based upon the rvesults of this program it was concluded that future work
in the duvelopment of the CONAP concept should concentrate on the following:

1 Development of porous tungsten wmaterial.
2 Assessment of discrete hole concepts at angle-of-attack,
3 Testing of che discrete hole concept in a plasmn are facility.

Ja

Agguming that viability of both concepts {8 demonstrated,
combined ablation-erosfon testing followed by full-scale ground
tests in a rocket exhaust facility should be performed,




TABLE I

Test Results at Wright-Patterson 50 MW Plasma Arc

Model Hodel
NRo. Description Results Condition
20 blind hcles equally
\ spaced at 45 degrees! Porous tungsten
h59' each Lole 0.02 in 7 Su tungsten on e Model gplit longltudinally ¢ Not recovered
- - dia x.025 {ndepth sidevall at 0.5 seconds
Su vapor deposit Blind holes
< .- -5p vapor deposit 8 Porous tungsten ¢ Low pressure flow to this e Longitudinai
& 5k tungsten on | model because strut no. 1 crack on
C:) sidevall model vented sidewall
e Ablated to expose internal
hole
"y, Ju vapor deposit 4 Porous tungsten e Survived for total test ¢ No longitudinal
3y tungsten on time of 4 seconds cracking
sidevall s Small amount of ablation ¢ No known sub-
at stagnation point sldlary cracks
20 blind holes equally S Parous tungsten e Survived for total teat e Longltudinal
\, spaced at 45 degroes Ju ruogsten on time of & seconds crack
..(:;“)(nch hole 0.02 sidevall ¢ GCas vented through crack o Subsldiary
45\ tachdia x 0.025 Blind holes near end of test and cracks
] toch dopth starved stagnation point
3. vapor depoait and blind hole arca
Y lu vapor deposit
3 Porous tungsten ¢ Broke at neck at 1.2s & Noae tip in
C::D lu tungsten on test time good shape
skdevall » Data shovul that nose tlp
wvas vorking vell
bOf oo )0;‘3 ﬂ:::: 13 9 Tungsien-uu & Supply pressure roughly ¢ Ablatlon ceased
30* 37”* { 0 oio " Digerote lwles equal Ly atagnation prea- wvhea internal
& s0° ' ¢ wure of facllity (20 atm) hole vas ux-
0.025! A o Ablated at stagnation polag posed
—and exposed lugexaal hole !

Test vonducted at:
Hyrae « J800 Bru/tb YSTAG * 000 Beu/ied-y
Fyrat = 20 atm Tost time * A& gocunds

Figure 1. Post Test of Porous Tuangsten
Nosetip No. 4 Tested for & Scconds
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Figure 2. Post Test of Porous
Tungsten Nosgetip No, 5 Tested
for 4 Seconds

DESCRIPTION CONFIGURATION

CONFIGURATION 3

SPHERE -CONE ~

CONE WITH 1/8-
INCH CENTERLINE
HOLE AND SIDE-

SLOTS
]
CONFIGURATION &

30-DEGREE OGIVE
WITH 1/8-INCH
CENTERLINE HOLE
AND SIDESLOTS

Figure 3, CONAP Discrete Hole Configuration Tested {n Ramburnoer
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1.0 INTRODUCTION
L.1 Background

High performance interceptors require the development of a low reces-
sion, shape stable, erosion resistant nosetip., Th. development of nosetips
for advanced systems is cuvrently persuing both active and passive concepts.
The use of orthogonal-weave cachun/carbon nosetips with refractory metal
subtips for ercsive environments represents one approach. Actively cooled
systems based on both liquid and pas coolants are an alternative approach.
This study {s concerned with development of an active gas-cooled nosetip,

Use of a coolant tramspired through a metal matrix wall or through a
distributed discrete hole matrix wall as a heat protection surface fov the
nogetip of a hypersonic vehicle is not new. It has been receiving consider-
able attention in recent years as a means of achleving a shape-stable nose-
tip for high ballistic factor reenfry vehicles (Referonces 2, 3, 4, and 3).
Ground and fifght tests have been conductued on gystems wita water as the
covlant and stafnlees sreel an the matrix, with the coolant introduced to
thoe wall surface through elther diserote holes ov by distributed porosity.
The basic principles ave well proven and, although there ave uncertainties
in the downstream cooling cffectivity of the fluld flilm layer and a requited
safety factor, transpivation cooling has been used in practice (Relercuce 6)
to provide zerosrecession nosetips under the wost severe ICBM reeatyy
conditions,

Atthough water has a relatively high efficiency as 4 coolant and has a
good storage density, the work of Referencea 1, 5 aud 7 shows that {f water
{s veplaced ag a coolant by a reactvive gas used with a hizhs surface tempera-
ture porous matrix, or with a warm dilutant gas expelled from a discrete
hole refractory matrix, numerous rystem benefits could thooret{cally be real-
{zed. These include lower coolant weights and lower expuls{on system welghts.
A material that can operate at a high surface temperature i{s an ldeal matrix
material since high surface temperatures greatly reduce the net {ncoming
heat flux. Also, with a material that can operate at a high temperatuve,
Jucal het spots are unot catastrophic. A refractovy metal such as tungsten,
wvould be an excallent matexial for this application except that at high
surface temperatures the tungsten must be protected from the oridizing
effects of the boundary layer oxygen.




The Controlled Atmosphere Protection (CONAP) concept combines a re-—
active coolant, ammonia, or a dilutive coolant with the high temperature
tungsten matrix., This concept depends upon the ability of the injected
coolant to elther deplete or dilute the flow of oxvgen reaching the refrac--
tory hot wall. A series of tests was conducted to demonstrate experimentally
the feasibility of this concept (References 7 and 8). In the first series,
(Reference 7) ammonia coolant was used in conjunction with a porous tungsten
matrix.

The results of these tests, conducted at the AVCO 10 MW Plasma Arc
Facility, showed that at a heat flux of 3500 BTU/ft2-s and an enthalpy of
4000 BTU/1b no measurable recession occurred in a 5-second test where
ammonia was used to deplete oxygen at the surface of a porous tungsten
matrix.

In the second series of tests (Reference 8) a dilutant coolant was
used with a discrete hole matrix. The results of these tests, conducted in
the Martin Marietta Ramburner Facility, showed the survival of a surrogate
material (aluminum) with no recession.

It has been anticipated that in thée CONAP concept using porous tungsten
materials, the porous materlals matrix development and the internal coolant
flow distribution would be the key problems to be addressed, whereas an angle-
of attack environment would be of minimal eftect on this type of nosetip. In
the CONAP concept using a discrete hole matrix, the external configuration and
angle~of-attack would be the key problems, whereas the development of a suit-
able refractory metal would not be as critical since high strength refractory
metals were previously developed in a related AMMRC contract (Reference 9).

The initial study in the development of the CONAP concept was conducted
under contyact to the Army Materials and Mechanics Research Center, Contract
DAAGA6~73-C-0053. This study concentrated on quantifying the pressure and
thermal respouse of the gas passing through the porous matrix and the mech-
anics of controlling the flow in the porous matrix. The purpose of tha
initial study was to evaluate available porous refractory materials and
their applicability as nosetdp or aly vane leading cdge materials in a
flight cnvironment. Flow characteristics of the materials and the operating
efficlency of the concept were evaluated by labovatory testing. These tests
consisted of obtainfug flow characteristic data (permeability and incrtiasl
resistance coefficient) for a variety of porous tungsten and discreta hole
tungsten matrices., The heat transferred from a hot tungsten matrix to the
ammonia gas passing through the matrix was also measured. The materials
and concepts that werc cvaluated and the tests performed are shown {n
Table 1-1. A wide range of porous tungsten materials, vanging from 50
percent (by volume) tungsten to 80 porcent tungsten were gvaluated, and
complete corrolations of the data were obtained, Baged on these data,
several conclustions were made. At the coolant mass flow rates expected
5 1b/ft“~g) for a typlcal advanced interceptor environment, the internal
heat *ransfer coefficient is on the order of 1000 BTU/ft3-s°R. The impact
of thig vesult on the system welght {8 discussed {(n Reference 1; it was
found that the CONA? concept system weights ave roughly 50 percent lighter
than the wator aystem weights., The flow charvacteristics data show that the




porous tungsten matrices, augmented with blind holes, can increase the
coolant mass flow rate in a local area without starving other surface areas
for coolant. The combination of flow characteristics data and heat transfer
coefficient data shows that the process of surfsce vapor deposition decreases
coolant mass flow in a local area without affecting the heat transfer coef-
ficient. These modifications to a porous tungsten material can be used to
tailor the coolant mass flow distribution through the porous matrix to
better meet the mass flow requirement distribution of a nosetip or air vane
leading edge. The blind hole technique can be used in the sonic point
reglon of a nosetip or stagnation line region of an air vane leading edge

to increase the local mass flow. The vapor deposition technique can be

used on the sidewall on both parts to decrease the local mass flow, These
experimental results applied to a fiight environment made it possible to
define the best of the available porous tungsten materials. As discussed

in Reference 1, the Wah Chang and Sylvania porous tungsten (80 percent by
volume) materials were selected as the best of the avallable porous tung-
sten materials. This selection was based upon those materials whose design,
through the flow modifications discussed, resulted in the minimum flow rate
variation between actual and ideal flow.

TABLE 1-I

Material and Test Summary (Reference 1)

Flow Directlion Materials and Concepts Evaluated

Porous tungsten
Porous tungsten wodified vith
bliad holes to Increase (low
Porous tungaten madified with
vapor deposition tv decraase {lov
Discrote hole tungaten - copper

Tost Conductad
OO

o [nternsl heat traasfor voolficient

&4l d

o Flov characteristica tests {pevseabllity dad
inovtial resistanco confficlent)

In the {nitial CONA® study, a one-dimensional experviwmental and analyti-
cal approach was used to cvaluate and select the most nearly optimum water-
ialn and concepts. The hree-dimensional cffects were evaluated analyti-
cally; however, the expoerimental evaluation of nosetip shapes can best be
accomplished in a high pressure plasma arvc facility which is the basis of
tha current experimental program.




The CONAP concept using a discrete hole matrix represents a logical
extension of the initial effort and offers the advantage of having a more
structurally sound material.

1.2 Study Approach and Objectives

The study discussed in the present report assessed the performance of
three-dimensional nosetips in both the Wright-Patterson 50 MW Plasma Arc
Facility and the Martin Marietta Ramburner Facility.

The goals of this test program were to:
1 Compare and evaluate the performance of porous nosetip

designs in a three-dimensional environment in the Wright-
Patterson 50 MW Plasma Arc Facility ’

[

Compare the performance of several discrete hole config-
uration concepts in the Martin Marietta Ramburner Facility,




2.0 PLASMA ARC TEST PROGRAM

2.1 Nosetip Design and Tungsten Materials Selection
2.1.1 Nosetip Description

Nosetips evaluated in this program consisted of six porous tungsten nose-
tips and one discrete holed tungsten copper tip. Five of the porous tungsten
tips were modified wich blind holes and vapor-deposited tungsten on the side-
walls to permit tailoring of the gas flow. The basic nosetip design is shown
in Figure ?-1. The interconnected porosity tungsten matrix, required for
coolant gas flow in the transpiration cooling process, was achieved through
copper extraction of the tungsten-copper stock, purchased to SPRINT Specifi-
cation 11181124 (Appendix III). All of the tips were machined from tungsten
copper stock to the configuration of Figure 2-1, prior to further processing
to achieve the final configurations. In the case of the porous tungsten
nosetipe, this additional processing included copper extraction, which will
be described later in this section, the application of vapor deposited
tungsten material on the nosetip sidewall and the drilling of blind holes in
the nosetip hemispherical section at the 45 degree surface angle point. The
nogetip processing sequence, in the order of exccution, was as follows: The
nosetips were first machined to the configuration of Figure 2-]. The copper
pnase in the material significantly contibutes to the ease of machining of this
material, Blind holes were then drilled into the appropriate nosetips.
Porous tungsten parts were then obtained through the copper extraction pro-
cesg. Finally, tungsten vapor was deposited upon the sidewall of the appro-
priate nogetips. The purpose of the blind holes, placed at the nosetip sonlc
point, and the tungsten material vapor deposited upon the nesetip asidewall,
was to locally increagse aud decrease coolant flow rate, vespectively, in
order to tallor the distrvibution of coolant flow to the requirements imposed
by the aerodynamic heating distribution about the nosetip, as discussed in
reference 1. In the case of the discrete hole tungsten nosetip, the addi-
tional processing beyond the machining of the tungsten-copper rod to the
configuration of Figure 2~1, included only the drilling of 13 discrete holes
from the surface of the nosetip through the material to the fnside plenum.

Detailed descriptions of the finnl nosetip configurations are shown ln
Table 2-I, Nosctips I and 2 were both porous tungsten nosetips with no
additional modifications to tallor the coolant flow, Porous tungsten nose-
tips 3, 4 and 8 werc all modified with tungsten vapox deposited on the side-
wall, as shown in Table 2-I. Porous tungsten nosetips 5 and 7 were modified
with 20 blind holes, equally spaced, at the sonic point located at the nose-
tip location where the local surface angle i{s 45 degrees, and with tungston
vapor desposited upon the sidowall., Nosetips v and 9 were made of tungsten-
copper, with discrete holes drilled into the tip veglon. During the drilling




process of nosetip 6, two tungsten~-carbide drills being used broke and

were lodged inside the discrete holes., This nosetip was not processed any
further, and was not used in the remainder of the program. Nosetip 9 con-
tained 13 discrete holes, cach measuring 0.030 inch diameter. One hole was
placed at the stagnation point; six holes, equally spaced, were placed at
the 30-degree location, and six holes, equally spaced, were placed at the
60-degree location,
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Pigure 2~1. Nosetip Model




TABLE 2~1

Description of Fabricated Nosetips

Nosetip
Hodel
Runber Description ¥odel Comfiguration
1. |porous tungsten :
? Porous tuagsten ::
3 Porous tungaten with lu of tungsten vapor deposited 14 vapor deposit
upon the aldevall
4 Porous tunzaten with Ju of tunpaten vapor deposited +———— 3. vapor deposit
upon the sidevall
5 Porous tungeten with Ju uf tungaten vapor deposited N
upen the sidevall and with 20 blind holes. equally 45¢ 20 blind holes
spaced, at 45 degreea, cach hole measures 020 inch —
dia x 025 tnech deop 4+ ). v3por deposit
& |Tungaten-copper, discreto holo (damaged durlng
drilling process)
1 Furous (ungaten vith Yo of tungeten vapar deponlted \
upr the sidevall and vith 70 bltud holes, equally Ay
spaced, 8t 43 dogrees, corh hole acasursn 020 fnch |  on 20 blind holes
Jdta n .02% lach decp
e S0 Vapot deposit
H Purous tungsten vith S. of tungeten vapor depoalted w4y vapuE depneit
upia Lhe sidevall
9 | Tungstcascopper vith 1) diucrete holes sessuting L, 13 hotes
030 tach dia. Uue hola placed at stagnation point, 0.030 dia typ
1x hotes, oqually spaced, ot 30 degrees and at
&0 degroos.

2.1,2 Porous Tungsten Materials

The selection of porous tungsten nosctip wmaterials to be tested in this
program at the Wright-Patterson Plasma Arc Facility was based on the results
of the tests and analyses counducted under AMMRC Contract DAAG46-73-C~0053
(Reference 1), It was found in that study that porous tungsten matrices
processed from the 80/20 tungsten~copper (80 vio W - 20 v/o Cu) were
superior to the other wmaterials in ninimizing the coolant flow rate varia-
tion between actual and ideal flow,




The 80 v/o W - 20 v/o Cu material used for the nosetip test specimen
in this test seriles, was manufactured by Sylvania. It 1s an interconnected
pore tungsten matrix, infiltrated with copper, and meets SPRINT Specifica-
tion 11181124 (Appendix III). Prior to the acceptance of this material, a
metallurgical examination was made of the microstructure of the specimens of
tungsten-copper provided by Sylvania. The paragraph in the SPRINT Specifi-
cation dealing with the microstructure limits the tungsten grain size to
0.010 mm maximum when examined at 100X magnification. In addition the size
of the copper filled areas are required not to exceed the tungsten grain size.
Many times, strict adherence to this specification is both not possible and
not critical. Once in a while, isolated copper filled areas slightly larger
than the tungsten grain slze do occur in the fabrication of the material.
The material was accepted inasmuch as it is the only porous tungsten avail-
able without resorting to a porous tungsten development program. A typical
area of the Sylvanla tungsten-copper material specimen is shown in Figure
2-2, at a magnification of 100X, Note the larger size copper particles,
scattered and isolated, within the tungsten matrix, which otherwise contains
uniformily distributed, fine, copper particles,

Figure 2-2. 80%W-20% Cu as-polished. From Syivania
l-inch diameter bar. Note the scattered
larger size copper particles.




After machining the tungsten-copper nosetips to shape, the copper was
extracted to arrive at the porous tungsten nose tips. Copper removal was
performed in a vacuum furnace in which the samples were inductively heated
to 2550°F in a 0.5 x 10-5 mm Hg vacuum. A total of four hours was required
to melt and evaporate the copper. Prior to the evaporation process, and
at intervals during the process, the samples were etched with a nitric acid-
water solution to expedite the copper removal process. The etching process
was used to remove the copper from the surface pores. The initial etch took
24 hours while subsequent etches, generally three in number, took 1/4 hour
each. A summary of nosetlp copper extraction results are shown in Table 2-IT,
A total of seven nosetip samples were prepared in this way. The weight loss
in the specimen was due to the copper that was extracted and has been com-
pared to the theoretical amount of copper that can be extracted. The amount
of copper extracted varled between 8.75 to 12.47 percent of the original
nosetlp weight. A correlation between the amount of copper extracted from
each particular nosetip and its performance in the 50 MW plasma arc tests could
not be made. This confirms the evidence discussed later in this section,
that the porous tungsten product achieved by purchasing tungsten-copper and
extracting the copper results in nosetips lacking predictable reproducability
in flow characteristics.

TABLE 2-I1

Summary of Nosetip Copper Extraction Processing

Original

Nogetip| Wt of Final Wt Net Theovetical
Model Nosetip jof Nosetip Loss Loss lLoss
Number | (grams) (grams) (grams) | (Percent) } (Percent)

i 40,3102 35.2807 5,0295 12,477 1.4

2 41.09728 1 37.45972 | 3,63756 8,85 tna

3 41,11572 [ 36.22865 | 4.88707( 11.88 1.4

4 41.76205 ] 18,1075 3,654 8.75 1.4

b 40,0016% | 35.91087 |4.09078 | 10,23 11.4

7 39.A7619 § 35.71436 ) 4,16 10,43 1.4

8 39.97719 § 36.33143 | 3.625 9.00 l.6

After extracting the copper from the tuagsten nosetip materials, an in-
vestigation of each porous tungsten specimen was made {n which optical
microscopy, scanning electron microscopy (SEM), and X-ray microanalysis were
used to locate and identify any defect areas. For each specimen, micrographs
were taken of the upper threaded arcas and a typical area on the conical
saction of the nosetip. No defects were found i{n any of these micrographs.
In addition, for those specimens which were sputter coated with tungsten,
micrographs of these arcas were taken before aud after coating. Typical of
these are the micrographs taken on the sidewall of speclmen number & which
are shown in Figures 2-3, 2-4, 2-5 and 2-6.

A vapor deposited coating with 3um of tungsten produced the morphology
shown in Figures 2-5 and 2-6.

Typical micrographs of the blind holes taken on specimen number five are
siown iu Pigures 2-7, 2-8, 2~9 and 2-10.




500X, 20Kv, 0°

Figure 2-3. Typical Area on the Cap
of Specimen No. 4

2000X, 20KV, 0°
Flgure 2-4. Surface at the Center of Figure 2-3




500X, 20KV, Q°

Figure 2-5. Typical Area on the Cap of
Specimen No. 4 after Sputter Coating
with 3 Microns of Tungsten
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2000X, 20KV, 0°

Figure 2-6. Coated Surface at the Centev of
Figure 2-5
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12X, 10KV, 22°

Figure 2-7. Blind Holes on the Tip of Specimen No. 5

100X, 20KV, 22°

Figure 2-8. Blind Hole at the Center of
Flgure 2-7
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Figure 2-10. Surface at
Figure 2~9

R
500X, 20KV,

Figure 2-9, Arca at the Bottom of the Hole
in Figure 2-8

2000X, 20Kv, 22

the Ceater of
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2,1.3 Sealing of Nosetip Model Threads

Prior to the assembly of the nosetips and the model holder, the threads
in the porous tungsten nosetips had to be sealed externully to ensure that
the coolant would not leak through the threads and provide a lower pressure
path than the nosetip itself. The threads were gold plated. Immediately
privr to assembly, silicone rubber was applied to the threads. The seal was
preserved with the combination of the gold plating and the silicone rubber.
During the gold plating process, the sphere cone portion of the nosetip was
covered with a neoprene rubber plating shield. The process used for gold
plating the threads on each porcus tungsten nosetip is as follows:

1 The part was ultrasonically cleaned for 2 minutes in a 20 percent
solution of Brulin 815XM.

I~

The part was rinsed in running water for 2 minutes and in deionized
water for 1 minute.

3 The electrical circuit was activated for 30 seconds while the part
was dipped in a solution of 20 percent HF plus 20 percent HNO at
130 degrees F.

4 The part was double rinsed in defonized water, and subsequently
neutralized for 10 seconds I{n a 5 percent solution of Na OH.

5 The part was immediatelv placed (without rinse) Into a gold bath,
where 1t was electroplated for 72 minutes at 1 volt dc.

6 The part wag thoroughly rinsed in cool rumning water for approximately
3 minutes,

7 The part was immediately dried with clean fiiteced air and sealed in a
fresh plastic bay.

The bolding fixture used for the electvoplating process s schematically
shown {n Flgure 2-11.
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Flgure 2-11. Holding Fixture for Electroplating
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2.2 Model and Holder Configuration Design and Analysis
2.2.1 Model and Model Holder Design

The model and model holder assembly design 1s shown in Figure 2-12.
The nosetip (Figure 2-1) is machined from tungsten-copper (80W/20Cu} as
previcusly described, from which the copper is extracted, leaving a porous
tungsten matrix. The nosetip is held into the model adapter forward body
by a threaded appendage. A high pressure liquid coolant s=al 1s provided
by an O-ring at the tip of the appendage.

The model adapter forward body is shown in Figure 2-13. It was machined
from tungsten-copper and includes female threads to adapt to the nosetip
and to the model adapter aft body. An O-ving provides a high pressure seal
at the interface with the aft body. The mode) adapter aft body, shown in
Figu:e 2-14, 1is machined from 347CRS. The forward end featuves a male thread
to adapt to the model adapter fcrward body. The aft end is threaded to
reccive a l-inch adapter which holds the assembly to che ating. Forward
of the l-inch thread, the internal passage is tapped for 1/4-inch NPT,
This thread adapts to the coolant conduit. Both sections of the wodel adap-
ter were wrapped with a silica phenolic heat shield.

The coolant conduit shown in Figure 2-15 is machined from 5/8-inch
Type 304CRS tubing. Both cnds are threaded 1/4~inch NPT. The forward ead
mates with the model adapter aft bod . The aft end threads into an elbow.
A hexagonal cross scction is machined into the condult near the aft eund to
provide a means for holding it while tightening the elbow on the aft end.
A centering washer (Figure 2-10) positions the conduit in the tunnel through
the sting.

The entire assembly wag mounted in the Wright-Puctergon Plasma Arc
Facility sting, ¥ully machinnd pacts ave shown fn Figures 2-17 and 2-18.

Oring

Z’§ Nosetip

W

Oring

Model gdapter ab: buuy todal adapter forward body

Coolant conduit
Flgure 2-12. Model and Model Holder Assembly
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2.2.2 Srress Analysis

The final wodel nolded design evolved through & gtudy of the response

to aetodyx\amic 10ad8, ! ermal tresss and 1al€ al cepsures which the
gyste® expeviet in 20 atw tes Wright-Pa ferson LU
plasmd Facility: o desigh onfigut i quated are ghown 18
Figure In the finsl snalysisy the thernal gtrress response of the

aystem was the most critical factoy in arriving at 2 final design.
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The structural design requirements due to aerodynamic loads were based
on the environments which the CONAP models experience upon insertion into
the plasma arc stream facility (References 10 and 11). The CONAP specimens
are mounted on a rack which is moved laterally into the plasma arc stream,
To assess the ailr loads, it was assumed that the test specimen could move
into the stream with a velocity of 100 ft/s. This resulted in an effective
angle of attack of 1/2 degree. Using hypersonic aerodynamic relations, the
running load and the overall shear and bending moment diagrams were de-
veloped for the worst case (80 atm) condition. These are shown in Figure
2-20, The stresses in the test specimen, resulting from these loads, were
determined to be insignificant.

A three-dimensional thermal response analysis of the initial design
concept shown in Figure 3-9 was used as the basis for the thermal stress
and internal pressure analysis (Reference 12) of the porous tungsten nose-
tip and the tungsten-copper model holder, The tungsten-copper material
properties are based on Reference 9.

In the infiltrated material the copper does not bond to the tungsten-
copper matrix and does not add to the tensile strength of the tungsten-
copper material. For the purposes of this analysis, 1t was agsumed that
porous tungsten strength is an inverse function of porosity, and therefore,
porous tungsten tengile strengths equal to 80 percent of the tungsten-cop-
per values were considered reasonable. The material properties used are
shown in Figure 2-21,

The results of the thermal stress analysis of the tungsten-copper
model holdez in the 20 atm environment are shown in Figure 2-22, It can
be seen that in the aft portion of the model (Figure 2-22a) that the thermal
stress exceeds that allowsble after 5.1 seconds. Thermal stresses at points
forward of the «ft section did not exceed that allowable.

The results of the thermal stress analysis at the 80 atwm environment
are shown in Figure 2-23. Here, {t can be scen that at two rearward poiuts
checked, thermal stresses exceeded that allowable after 1,25 seconds. The
stresses in the forward portion, which is a thimner section, did not exceed
that allowable. The thermal stress analysis of the f{nitial tungsten-copper
model holder, Figure 2-19, limits the test time to 5.1 seconds for the 20
atm condition and 1.25 seconds for the 80 atm condition.

Hloop stress and a thread shear strength analyses were conducted on the
shaft of tha nosetip. The analysis considered a 5000 psi internal pressure.
These are summarized in Figuves 2-24a and ?-24b, rvespectively, These curves
show that a safety factor of 2.0 can be maintained on the hoop stress and a
safety factor of 3.0 on the thread shear if the 20 atm test is limited to
4 gecords and the 80 atm test is limited to 2 scconds.

Baged on these limitations, the final design (Figure 2-19b) {ncorporated
a heat shicld over the entire sicel and tungsten-copper bodies. This signi-
ficantly reduced "2 tewporatures snd vesulted in thermal stresses and hoop
stresses no longer being critical, In addition, to maximize the safety
factor for the porous nose threads, a seal was placed aft of the thread to
winimize tensloa force, dnd & radius root thread was used to decrease the
stress coucentration.
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2.3 Plasma Arc Test Conditions and Geometry

The CONAP porous tungsten matrix concept was evaluated at the Wright-
Patterson 50 MW Plasma Arc Facility, RENT Leg, at the 20 atm pressure con-
dition. Table 2-I11 describes the model geometry and the desired test condi-
tions, Prior to testing, it was assumed that the internal shroud nozzle
hardware (Reference 11) would be implemented. However, immediately prior
to the teat series due to higher priority facility considerations the hard-
ware was removed, which slightly altered the test conditions, The nosetip
environment data were obtained by a copper calorimeter model identical in
configuration to the nosetip, in which three calorimeters were imbedded.

A copper pressure model, with a similar configuration, had pressure taps at
the same locations as the calorimeters, Pyrometers used during the tests
to record surface temperature were aimed so that thelr viewing area co-
incided with the location of the calorimeters on the calorimeter model.
Data from these instruments were processed to provide heat flux, surface
pressure, and temperature distributions,

TABLE 2-111

Model Geometry and Desired Test Conditions

Pe
Cone Half t2 (f W
Nose Radius Angle x = 0.1" | Mach No. q Stag E
Model (RN, Inches) | (degrecs) (atm) x = 0.1 in. | (BTU/£t2-8) | (BTU/1b)

CONAP 1/4 10 20 2.0 3500 2800
Pitot 1/4 6 20 2.0 3500 2800
Calorimeter t/4 6 20 2.0 3500 2800

2.4 Test Matrix for the 20 Atm Tests

The test specimens incorporated several variatlons of the basic model
(Figura 2-1). An optimum nosetip would control distribution of the coolant
flow to correspond to the heat Elux distribution, As described in Section
2.1.1, two different techniques wero employed in an attempt to achieve
ideal flow distsibution. One technique was to drill blind holes on the
exterior surface of the spherical portion of the nosetip to duecrease pres-
sure drop in this region, thus increasing the local flow rate of the cool-
ant, The other technique was to vapor deposit tungsten oun the conical
surface of the nosetip to increase the pressure drop in this reglon, thus
decreasing the local flow rate of the coolant. The thicknass and extent
of the vapor coating were varied to control the flow distribution., The
test specluens employed various combinations and degrees of these two
techniques.
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The original test plan included the configurations shown in Table 2~1IV,
The sequence and selection represented a logical progression in the flow
modification methods from test to test so they could be adequately evaluated
in their contribution to the nosetip performance. This plan, however was
not strictly followed (as will be shown later) because the actual modifica-
tions to specimen flow characteristics proved to be much smaller ihan the
unanticipated specimen to specimen varlation.

TABLE 2-1V

Test Plan for the 20 atm Test Condition

Hodel Description of CONAP Plenus [Test Time
Humber |Haterial Tlov Hodrf{ications Preasure (pel) |(seconds) Hodel Configuratior
2 Porous Hone 2000 1
Tungsten 1750 1
1500 1
1250 1
s Parous jv eldevall vapor depoeit 2000 1 (4 1 vapor deposit
Tungsten 1750 1
1500 1
1250 1
. Porous  {3u sidewsll vapor deposit 2000 1 =" 3. vapor deposlt
Tungsten 1150 1
1500 1
1230 1
N Forous Su eldevall vapor deposli 2000 1 4o 5y vapor degosit
Tungrten 1750 1
1500 1
1250 1
[ 77,7 [Foreus |3+ vagar depostc 2000 1 T b1ind Toles, equally
i Tungsten | on stdovall 12%0 1 ‘5-\ spaved, al 43 degress,
Blind holen 1500 Y — each hela neasurea 020 Inch
150 \ dla a0y lnch deop
1 At ). vapor sgpesit
. y forous 0.02% tnch deptn wonle 2000 1 ‘0 hlind holen, equally spaced, at
i Tungeten | Pt blind holes 17350 1 43 4% dogtves, sach hole seasures
S vapor despult on 1500 1 - 00 tuck dla x .02Y loch deop
dldevatl 1130 t @mes S0 V2DOT deposit
’ tungstan | Discrate holes 9.03 lach 1000 1 AR _».Bllll 13 bolea
Copper  dis 800 1 0.02¢ dta typ.
700 1
800 1
A

2.5 Model Installation

Prior to installation the model and model holder asgembly, as shown
in Figure 2-12 were assembled and leak checked to 5000 psi pressure. As a
part of the final secaling and leak check operation immediately prior to
testing at tha 50 MW Plasma Arc Facility, sufficient data were taken so
that average flow characteristics (permeability and fnertial resistance
coefficiant) could be detexmined for cach nosetip, The assenbly was then
installed in the sting using the l-inch threaded adapter to hold the assembly
in position. The centering washer (Figure 2-16) was placed over the hexa-
gonal section on the aft ond of tha coolant condult (Figure 2-15), and an
elbow was threaded onto the aft ocud of the conduit. The hexagonal section
was used to hold the conduit while the elbow was tightened. The elbow was
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positioned to point downward by rotating the entire assembly on the l-inch
adapter. Additional plumbing was then attached to the elbow to connect to
the coolant manifold. Finally, the aft cover was placed on the sting.

A coeclant manifold with a solenoid valve in each of the two branches
directed coolant flow to either of the two test specimens mounted on the
50 MW test carriage. The control system for the coolant expulsion system
had two timers which were set to provide timed sequencing of the two mani-
fold valves and also to provide timed sequencing of the four flow control
valves so that the coolant flow could be decreased in discrete steps dur-
ing the exposure of each specimen. The flow rate/time sequence was ad-
justed for each separate model as required. The timers also provided the
switch of flow from one model to the next model commensurate with the car-
riage timing sequence.

2.6 Instrumentation

Two instrumented models were fabricated to evaluate conditions in which
each test model was exposed in the plasma arc. These two models, built by
Aerotherm/Acurex, are shown in Figure 2-25. The model on the left i{s a
calorimeter model containing three calorimeters. One is located at the
stagnation point, one at a point 50 degrees around the spherical nose from
the stagnation point, and the third is 1/4 inch aft of the tangency point
between the spherical nose and the conical forebody. The model on the
right in Figure 2-25 is a pressure model., Static pressure ports are located
at positions corresponding to those described for the calorimeters. The aft
location is shown clearly in Figure 2-26. These two models were mounted on
stings similar to those on which the test models were mounted. The aft
faces of these models were designed to interface with an adaptor which was
a part of the 50 MW Plasma Avce Facility. The two instrumented models were
swept through the plasma jet at a coatrolled vate during each test run to
provide heat flux and pressure distribution data.

AFT LOCATION OF
PRESSURE POR

Flgure 2-25. Instvumented Plisma Pigure 2-26, Aft End of Pregsure Probe
Arc Models
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Instrumentation usad to measure coolant pressure and coolant flow rate

included a venturi, two pressure transducers,
rangement of the venturi and transducers used is given in Appendix I,

and a thermocouple.

The ar-
Digi-

tal volt meters were employed to monitor the coolant absolute pressure and
the differential between the absolute pressure and the venturi throat pres-

sure.

just upstream of the coolant delivery hose.

An iron constantan thermocouple was attached to the stainless tubing
This junction was thermally

insulated to provide a reasonably accurate thermocouple response to the
A summary of the imstrumentation used during

liquid coolant temperature.
the tests is shown in Table 2-V.

TABLE 2-V

Instrumentation and Equipment Requilrements

Measurement Range Data Source Instrumentation Required
Coolant 0 to 80°F Iron constantan thermocouple Strip type recorder or step
temparature attached to 3/8 inch stainless | type printer
tube on coolant supply cart,
axternally {nsulated
Coolant 0 to 5000 PSIA Abgolute pressure transducer Digital volt meter (monitor)
absolute located on coolant supply cart,| 15 volt power supply
pressure Stathan wodel Pa822-5H Bridge conditioner
Wide band emplifier
QOscillograph
Amdilog hybrid computer
Venturl 0 to 500 PSID Dif{erent{al pressurs trans- Digital volt amever (monitor)
differantial din ar located on coolant supplyl 13 velt pover supply
pressure cart, Stathan nodel PL28O-TC- | Bridge conditfoner
500-350 Hide band sgmplifier
Oscillograph
Azbilog hybrid comput~c
Stegnation Stag point-0 to 300 Pressurs Hode)
point PSIA Stathas transducer PA285TC-300 |15 volt power suppliles
prassure $0* point - 0 to 150 Statha: transducer PA2§STC-130 | Bridge conditioners
diseridution PSIA
Body polut~0 to 30 Stathas transducer PA2B3TC-30 | Wida band amplifiers
PSIA Oscillograph
Azbilog hybrid counputer
Surtace Stag point 3600% Calorimater sodel Bridge conditfoners
heat flux 50* pofnt  1700% Wide bsnd amplifiers
distribution | Body point  350¢ Oscillograph
ABTU/{e2-s-0F Agbilog hydbrid computer
Nose tip Stag point 2000-3000°R | optical pyromsters with s That requirad for recording
surface teap | SO peint 1300-2000°R | field of viev of 0.08 to 0.30 |output from 3 pyrozators
distriducion | Body polat 1000-1300°R | tach
Veight of 0 to 300 1b Beam type platform sceles -
4zonia
cylinder 1

2.7 Test Conditions

Tast conditions were measured for cach rum by the pressure model and

the calorimeter model.

ment,
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The data from run to run showed oxcelleant agree-
Figure 2-27 shows the pressurce data for the three runs,

Pressure




data were taken at three discrete locations. A4s shown in Figure 2-27, the
pressure distribution follows the Modified Newtonian approximation quite
well. The heat flux distribution data are shown in Figure 2-28, Calori-
meters were located at the same axial downstream distances as the pressure
taps on the presgure model, The heat flux data taken for the three runs
also showed excellent agreement. The heat flux data also agreed well with
the cos 3/2 6 distribution which cuggests, according to Reference 13, that
laminer flow existed over the total calorimeter model. Table 2-VI sum-
marizes the nominal facility conditions during this test serles, The
enthalpy is calculated from a modified version of the Faye-Riddell hest
transfer equation adapted 1o the 50 MW facility, (Reference 14) and re-
quires heat flux and stagnation pressure as input data. A comparison of
Tables 2-1iI and 2-VI shows that the test conditions, in particular the
stagnation enthalpy, were more severe than specified prior to the test,
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2.8 Porous Tungsten Nosetip Flow Characteristics

Testing in the 50 MW Plasma Arc Facility was conducted on porous tungs-
ten models which were assembled, sealed, and leak checked immediately prior
to shipping the models tc the facility. Duriag the leak check operation,
data were taken at room temperature with nitrogen gas to evaluate the aver-
age flow characteristics of each nosetip. Analysis of these data showed
that of the nosetips fabricated, only one (nosetip No. 3) possessed the
flow properties that were identified as desied properties as defined by
Reference 1 and were anticipated to exist in the nosetip. A comparison
of porous tungsten flow characteristics is shown in Figure 2-29. The cross-
hatched area possesses desired porous tungsten nosetip flow characteristics.
This was based upon the analysis of Reference l. The materials whose flow
characteristics lie within the cross-hatched area are the 80 percent Sylvaunia
and 80 percent Wah Chang materials. Although the 80 percent Sylvania porous
tungsten material was used exclusively in the current test series, the flow
characteristics for the nosetips fabricated from this material showed signif-
icant scatter as well as a large departure from the range of desired proper-
ties. Only nosetip No. 3 possessed flow properties that were anticipated
before the tests. WNosetip model No., 2, which contained no flow modifying
additions, required the highest coolant pressure to achieve a given amount
of flow, and was not used, If these nosetips were ranked in terms of the
amount of pressure required to push a given flow rate through the matrix,
nosetip No. 2 would require the highest upstream pressure, followed by nose-
tip 4, 5, 8 and 7. Finally, nosetip No. 3 required the least upstream pres-
gure of this group. Therefore it can be seen that the scatter in the basic
flow properties of the nosetips, even though they were all from the same
batch of material, appears to overshadow the nosetip modifications originally
made to study the effects of these modifications on the control of flow dis-
tribution in the nosetip matrix.
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2.9 Test Results

The models shown in Figure 2-30 were all tested in the identicsal 20 atm
environment. Table 2-VII summsrizes the test results. All tests were initially
intended to run for a total of 4 seconds. The first run consisted of model
No.'s 7 and 8 manifolded to the supply source. Model No. 7 was located on
strut No. 1 and model No. 8 was located on strut No. 3 with strut No., 2
being left enpty. The expulsion system (see Appendix I) provided coolant
first to the model on strut No. 1l and subsequently to the model on strut
No. 3. During the first run, wodel No. 7 split longitudinally at 0.5 second
after reaching centerline. This model was not recovered. During the re-
maining 3.5 seconds that the model holder for model No. 7 was at centerline,
the expulsion system vented through the relatively large orifice that was
opened. Thus, when model No. 8 entered the flow field, coolant pressure
was very low and supplied insufficient coolant. The model, thersfore,
ablated and eventually exposed the internal hole. Figure 2-31 gshows the
post test condition of wodel No. 8.

The second run consisted of models 4 and 5; model No. 4 was om strut
No. 1 and model No. 5 was on strut No. 3. Both of these models were suc-
cessful and survived for the full 4-secoud dvration. Model No. 4 had a
small amount of stagnation point ablation and no known matrix cracking.
A post test view of model No. 4 is shown in Figure 2-32.

Model No. 5, however, developed a large crack on the sidewall near the
end of the d-second test, causing the gas to vent through the crack and
thereby starving the stagnation reglon. A post test view of wodel No. 5
is shown in Figure 2-33,

The third test consisted of modal No. 3 and model No. 9. Model No. 3
was placed on sting No, ! and wodel No. 9 on sting No. 3. Model No. 3
broke at the neck 1.2 seconds after reaching conterline. The data showed
that up until that point, the nosetip was performing well., Figure 2-34
shows a post test photograph of the model No. 3. The surface blemishes
are due to tha gpherical nosetip impacting and scraping scveral metallic
surfacas after being propelled by the pressures in the plasma arc. The
tip was later found downstream of the plasma arc ejector. Because model
No. 3 Lroke at the neck and broke away from the model holder, the expulsion
systzy vented similarly as in the first test. As model No. 9 reached cen-
terléne supply pressure of the ammonia was roughly 20 atm which was equal
to the stagnation pressuve of the facility. Thus, the sideports had pres-
sure differential wheveas the atagnation point did not. The wmodel ablated
at the stagnation reglon and exposed the internal supply orifice. It is
interesting to note that once the central flow paysage was uncoverod, abla-
tion ceased, even with inadequate coolaut (Figure 2-35).

Pigure 2=30. Various Models Fabricated for Testing
in the 50 MW Toat Facility
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Test Results at Wright-Patterson 50 MW Plasma Arc

TABLE 2-VII

Model
No. Description

Results

Model
Condition

20 blind holes equally

spaced at 45 degrees
AV cach hole 0.02 inci
dia x 0,025 iach

[+ &
Su vapor deposit epth

Porous tungsten
7 5u tungsten on

sidewall

Blind holes

Model split longitudinally
at 0.5 seconds

Not recovered

o Su vapor deposit 8 Porous tungsten # Low pressure flow to this Longitudinal
Su tungsten on | model because strut ao. 1 crack on
(::) sidewall model vented sidewall
# Ablated to expoae internal
hole
A u vapor depor 4 Porous tungsten ¢ Survived for total test N> longitudinal
3u tungsten on time of 4 seconds cracking
sidewall & Small amount of ablation No known sub-
at stagnation point sidiary cracks
20 blind holes equally 5 Porous tungsten ¢ Survived for total test Longitudinal
N\ spaced at 45 gegreen Ju tungsten on time of 4 seconds crack
—{ 'i“c: hole '00‘025 aldewall o Gas vented through crack Subsidiary
45 inch ddhc: B Blind holes near end of test aand cracks
"] tnch depen starved stagnation point
3u vapor deposit and blind hole area
oo 1U vapor deposit
3 Porous tungsten ¢ Broke at neck at 1.2s Nose tip in
C:b lp tungsten on test time good shape
sidewall @ Data mhoved that nose tip
vas vorking woll
60¢ BO'A :;ﬁ: 13 9 Tungaten-Cu & Supply pressure roughly Ablation crased
30¢% 0.020 dta Discrate holes equal to stagnation pres- vhen internal
60 P sure of facilty (20 atm) hole vas ax-~
0.025 A ¢ Ahlated at stagnation point posed

and oxpoged lnteypal hole

Teat conducted at:
UgTag = 3800 Atu/ld
PgraG = 20 atm

QSTAC * 4000 Bru/fe-s
Test timo = 4 acconds

Rigure 2-31.

Pogt Test of Porous Tungsten Nosetip No. 8

Supplied With Inadequate Coolant and Tested for & Seconds
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Figure 2-32. Post Test of Porous Tungsten
Nosetip No. 4 Tested for 4 Seconds

Figure 2~33. Post Test of
Porous Tungsten Nosetip
No. 5 Tested for
4 Seconds

Figunve 2-34, Post Test of Porous Tungston Nosetip
No. 3 Tested for 1,2 Seconds

Flgure 2-35. Post Test of
Discreto Hole Nosetip with
Inadequate Coolant
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Figures 2-36, -37, and -38 show pyrometer data for the stagnation
point region, the 50-degree point on the spherical tip, and the conical
point on the body 1/4 inch aft of the tangency point. It is interesting
to note that in Figure 2-38, both nosetip No. 5 and nosetip No. 9 appeared
to have very high surface temperature at the sonic point. It can be con-
strued that the discrete holes and blind holes induce local sonic point
turbulence, thereby causing higher heating and temperature at this loca-
tion. From Figure 2-37, it can be seen that the sidewall temperature of
nosetip No. 3 was indicating far more ccoolant emerging from the sidewall
than the other nosetips. This is expected in light of the flow character-
istics of this nosetip when compared to others. Flow rates to the models
are shown in Figure 2-39.
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3.0 RAMBURNER TEST PROGRAM

Testing was conducted in the Martin Marietta Ramburner Facility on sur-
rogate nosetips made from aluminum .o assess the configurational characteris-
tics of several CONAP discrete hole matrix concepts. These simulated hot-gas
tests evaluated survivability of several nosetlp configurations under con-
ditions scaled to an advanced interceptor flight condition. The test sexies
in the ramburner facility was conducted at zero-degree angle-of-attack; how-
ever, flow visualization was obtained on each concept both at zero-degree
and 10-degree angles-of-attack.

Five configurations were evaluated and are summarized in Figure 3-1 and
described in detail in Figures 3-2 through 3-6. The configurations include
those with one centerline hole and those with one centerline hole and side-
slots. Prior to testing these configurations to determine minimum survival
flow rates, flow visualizatiou work in the cold flow facllity verified that
flow emanates from the sidesiots as well as the centerline hole at both zero
and 10-degree angle~of-attack as shown in Figure 3-7. The flow visualization
tests were conducted in Martin Marietta's Cold Flow Facility adjacent to the
Ramburner Facility. The Cold Flow Facility is a simple Mach 2.5 free-jet
nozzle connected to an upstream high pressure nitrogen supply. It is used
primarily for flow visualization and pressure distribution tests.

The Ramburner test conditions are summarized in Table 3-I. The models
were tested for 10 geconds In each run and were mounted on a conical sting
shown in Figure 3-8, The models were tested several times with flow rates
to each model being initially high and then sequentially reduced from run
to run until the model failed in order to determine relative performance.
Table 3-IT through 3-VI detail the tests conducted on each model. Table
3~-VII ¢ mmavizes and compares the overall test vesults,

Two of the configurations tested have merit: 1) the 30-degree ogive
withi aslots and 2) the sphere~cone-cone with slots. Thcse models required
the least amount of coolant at zero angle-of-attack to survive. For these
concepts to have merit in future flight test programs, these results would
have to be verified fov & range of angle-of-attack conditions to show
that these configurations remain optimum at all appropriate angles-of-attack.
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CONFIGURATION
NUMBER

DESCRIPTION

ZERO-DEGREE
ANGLE-OF-ATTACK

10-DEGREE
ANGLE-OF-ATTACK

SPHERE-CONE WITH 1/8-INCH

CENTERLINE HOLE

SPHERE -CONE-CONE WITH
1/8-INCH CENTERLINE
HOLE

SPHERE -CONE-CONE WITH
1/8~INCH CENTERLINE
HOLE AND SIDESLOTS

60-DEGREE BICONIC WITH
S0-MIL CENTERLINE HOLE
AND SLOTS

30-DEGREE OGIVE WITH
1/8-INCH CENTERLINE
HOLE AND SIDE SLOTS

Figure 3-7.
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Flgure 3-8. Model in Ramburner Test Setup

TABLE 3-11

TABLE 3-1 Test Results of Model No. |
Ramburner Test Conditions Sphere-Cone with 1/8~fnch Conturline Hole
T = 3100°R RUNs  Flow rate to Test Vime
stagnation Model 1b/g (Seconds)
14 » 86 psila
stagnation \ 1 0.397 10
Hw = 0.7 1b/in” -~ 8 2 0.195 10
. = 5 {nches 3 0.12y 10
. exit
. Y . 1.2 4 0.068 10
; 5 0.651 10
Model Material « Aluminum 6 0.034 10
7 0.026 10 Failed




TABLE 3-II1

Test Results of Model No. 2

Sphere-Cone-Cone with 1/8-inch Centerline Hole

Flow rate to Test Time
Runs Model 1b/s (Seconds)

—

1 0.069 10

2 0.0468 10

3 0.0348 10

4 0.0234 10 Model Failed
TABLE 3-1V

Test Results of Model No. 3

kphere-Ccne-Cone with 1/8-inch Centerline Hole and Sideslots

Flow rate to Test Time
Runs Model 1b/s (Seconds)
1 0.097 10
2 0.065 10
3 0.0485 10
4 0.032 10
5 0.024 10 Survived with
Onset of melt

TABLE 3-V

Test Results of Model No, &

60-~Degrec Biconic with 60-mil Centorline Hole and Slots

Flow vate to Test Time
Runs Model 1lb/s (Seconds)

i 0.144 10 Melt around
slots
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TABLE 3-VI

Test Results of Model No. 5

60-Degree Ogive with 1/8-inch Centerline Hole and Side Slots
Flow Rate to Test Time
Runs Model 1b/s (Seconds)
1 0.065 10
2 0.045 10
3 0.032 10
4 0.024 10
5 0.016 6 Failed at
6 seconds
TABLE 3-VII
Summary Results of Configuration Study
Model Lowast Flow Rate at Which Flow Rate at Which
Description Model Survied in 10 Seconds | Failed in 10 Seconds or Less
Sphere Cone 0.034 1b/a 0.026 1b/s
Sphere-Cone-Cone 0.0348 0.0234
Sphere-Cone~Cone
with slots 0.024 -
60-degree biconic with
slote 0.144 -
J0-degree Ogive with
slots 0.024 0.016
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4.0 CONCLUSIONS AND RECOMMENDATIONS

During this study, three-dimensional nosetips were tested at hoth the
50 MW Plasma Arc Facility and the Martin Marietta Ramburmer Facility. The
testing conducted in the 50 MW facility compared and evaluated the perform-
ance of porous nosetip designs in a three-dimensional environment. The re-
sults of thia test series in an environment which was more severe than ex-~
pected, showed that: 1) two porous tungsten models performed well for the
total test time of 4 seconds, 2) one model performed well for 1.2 sgeconds,
but subsequently broke at the neck, and 3) one model failed at 0.) sec, and
the remaining two models did not receive sufficienrt coolant because of expul-
sion system venting. Of the five porous tungsten models tested, three porous
models cracked longitudinally along the sidewall, and one broke at the neck
during the tests. Only one of the modele had no apparent cracking. Baged
upon this performance, it can be concluded that the CONAP porous tungsten
matrix concept using a reactive gas operates successfully. The matrix
material, however, requires considerable development to quality as a flight
system nosetip candidate,

In addition to improvemests in material strengths, improvements fn the
predictability of porous matrix flow characteristics will be required. It
was found that, during the test serles where flow modifications ro the nose-
tipe were to be evaluaved, the flow tailoring efforts via material variatiouns
such as blind holes and vapor deposition were over-ghadowed by the model-to~
model variation in flow properties due to variations in the matrix, This
suggests that the approach to fabricate nosetips from tungsten-copper stock
doer not yield sufficient control of the and item product. To specify, o
priori, porous nosetip performance requirements, material fabrication methods
must control porosity and flow properties, and wust identify process variables.
The continuation of the CONAP porous tungsten approach calls for a stroug
maberials effort sspecially in the basic fabrication of the matrix where the
original tungsten powders can be blanded and sintered under defined conditfons.
This type of fabrication process control would be the next logical step is
the development of the CONAP porous tungsten matyix concept,

Tha testing conducted in the Ramburner Facility evaluated the external
configuration of the OOMAP concept using the discreta hole matrix. The
siguificant result of this evaluation was that a departure from the ordi-
nary aphere-cone configuration was advantageous in terms of minimizing flow
requirementa, Two concepts in particular required less coolant than others
consldered: 1) the 30-degree ogive configuration with side slots and 2)
the spherc-cone-cone configurstion with sideslots. The next logical step
in assessing these concepts 18 to vorify these results at other angles-of-
ettack.
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Future work in the development of the CONAP concept should concentrate
on the following:

1

lw I

|3

Development of porous tungsten material.

Assessment of discrete hole concepts at angle-of-attack.
Testing of the discrete hole concept in a plasma arc facility,
Assuming that viability of both concepts 1is demonstrated,

combined ablation-erosion testing followed by full scale ground
tests in a rocket exhaust facility should be performed.
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APPENDIX I
COOLANT EXPULSION SYSTEM
1.  COOLANT EXPULSION SYSTEM DESCRIPTION AND OPERATION

The coolant expulsion system is designed to provide anhydrous ammonia
to a transpiration cooled nosetip. It is expected to provide a flow rate of
approximately 0.10 1b/s at a pressure of 5000 psig. Design of the system is
based on the funcuional concept of a previous system but 1s designed for
higher pressure operation and incorporates several safety features not pre-~
sent in the original system, One of these features 1s a remotely actuated
pressurization valve and a nitrogen vent valve which makes it urinecessary
to approach the system while the ammonia is under high pressure. A system
of hand valves helps to assure that ammonia will not leak from the system,
due to its natural room temperature vapor pressure of 140 psia, when the
gystem is depressurized. The sysiem is mounted horizontally on a hand truck
making it mobile and permitting ready access to every component in the system.

A schematic diagram of the coolant expulsion system is shown in Figure
I-1, and a photograph of the system is shown in Figure I~2, Liquid anhydrous
asumonia, stored in a high pressure accumulator, is pressurized with gaseous
nitrogen to force the ammonia through the porous nosetip.
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Figure I-1. Coolant Expulsion System Schematic
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CART
Figure I-2, CONAP Coolant Expulsion System

Gaseous nigrogen is supplied from a 6000 psi cylinder. A pressure
regulator assures constant pressure while the coolant is being expelled from
the system. Two pressurization valves, a hand shutoff and a solenoid valve,
are employed to ensure that the ammonia will not be oressurized inadvertently,
and both valves must be open to pressurize the system. The hand shutoff valve
is opened during preparations for & test run. The solenoid valve is opened
immediately prior to the start of a test vun by an electrical signal from a
remotely located control panel. A rupture disc assembly is located between
the two pressurization valves. The rupture discs were selected to fail at
5300 psig.

Two vent valves (hand shutoff and solenoid) are included in the system
to allow rapid dumping of system presgsure. DBoth valves must be opened to
allow the nitrogen pressure to vent., The hand shutoff valve will be opened
during prepavation for a test run. The solenoid valve will be opened at
the end of a test run priotr to appreaching the system. It nay also be opened
during a test run in the event of an emergency. The solenoid valve is opened
by an electr'cal signal from the remotely located control panel.

A bypara leg and bypass valve ave provided to allow the system to be
used to supply pressure regulated, flow rate controlled gaseous nitrogen as
a coolant. The valve is also used in purging and ti{lling operations, Hor-
mally it is closed during a test run. A check valve prevents ammonia from
backing through the bypass leg where it might eunter the upper part of the
accumulator.

Hand shutoff valves ave provided both upstream of the accumulator in
the pressurization line and downstveam of the accumulator in the asnmonia
line, to surve as igolation valves. These valves are necessary during £411
and purge operations, Both of these valves arve opened during prepara-
tious for a test rum.
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Pressurization of the liquid ammonia is provided by a hydropenumatic
accumulator. ' The bladder type accumulator is filled to its rated capacity
(2 1/2 gallons) with liquid anhydrous ammonia in the region external to the
bladder. When the bladder is pressurized by opening both pressurization
valves, the nitrogen pressure is transmitted to the ammonia.

Two f11l legs and two fill leg shutoff valves are provided. These may
be used in a variety of ways during £111 and purge operations., Both valves
are closed during preparation for a test run.

The anhydrous ammonia must pass through two filters prior to entering
the flow control network. These filters assure that particulate matter will
not interfere with closing of the flow control solenoid valves or cause
clogging of the pores in the porous ncsetip model. The prefilter uses a
sintered stainless steel filter element designed to hold back particles
larger than 3 microns. The final filter uses a replaceable paper element
to hold back particles between 0.47 and 3 microns.

The flow control network consists of four parallel branches each of
which includes a hand metering valve and a solenoid valve. The metering
valves can be preset to pass a selected flow rate at a glven coolant pres-
sure. The solenoid valves can be separately actuated from the remotely
located control panel to provide flow through oue, two, three, or four
branches simultaneously,

A hand shutoff valve downstream of the flow control network provides
backup for the four solenoid valves to prevent leakage of ammonia in the
event one or more of the solenoid valves should leak. This manual valve
is left open during preparations for a test run.

Flow measurement {s achieved with a venturi and a set of pressure
transducers, The venturi is designed to provide a differential pressure
of 500 psi at the design maximum flow rate. The differential pressure
transducer ia designed to provide a signal over the range from 0 to 500
pela and will withstand a differential pressure of 1000 pai. A check
valve, immediately downstream of the venturi, will prevent damage to the
venturi in the event of a system rupture upstream of the venturi. Without
the check valve, such a failure would cause internal parts of the venturi
to shear a snap ring and force the iaternal parts of the venturi upstrean
into the system.

The liquid ammonia flows through a flexible hose into a manifold which
branches to two solenoid valves. These valves can be opened sequentially
during a test run to allow coolant to flow through two test models in
sequence.

2.  PROCEDURE FOR FILLING TUE ACCUMULATOR WITH AMMONIA
The system is prepared for charging by attaching a vacuum pump and pull-

ing a vacuum on the part of the system normally filled with ammonis. The
bladder is inflated to a few psi to expel all the gas in the accumulator
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external to the bladder. An ammonia cylinder is attached by a flexible
harness to fill port B (see Figure I-1)., The fill harness includes a bleed
line to allow the harness to be rilled with ammonia prior to admitting am-
monia to the system, Nitrogen pressure in the bladder is decreased as neces-
sary to admit ammonia into the accumulator. Inmitially, part of the ammonila
will vaporize. In due time, the vapor will condense and liquid ammonia

will continue to flow into the accumulator. When the beam balances on the
platform scales, indicating that 14 pounds (2 1/2 gallons) of ammonia has
flowed into the system, the fill leg valve is closed, and the cylinder valve
is closed. The bleed valve 18 opened on the fill harness to allow the am-
monia in the line to boil off.

To avoid dumping ammonia into the air during the bleed operations, the
£f111 harness is attached to a suction tee to which a garden hose carries tap
water. The mixed ammonia and water coming out of the suction tee is carried
to a suitable drain or open area by a garden hose,

Since there are no means to gage the quantity of ammonia remaining in
the accumulator following a test run, it is necessary to dump the remaining
amnonia and recharge the system between test runs. Dumping employs the
guction tee and tap water arrangement used for bleed opserations, It is
not necessary to use a vacuum pump prior to recharging when the system
already contains ammouia.

3.  INTERFACING HARDWARE

During the 50 MW testing, plumbing connections were required from the
coolant manifold to the coolant conduit in both stings on which a test model
was mounted. The plumbing on the exit sides of the two manifold valves were
3/8-iuch AN male fittings. The fitting on the coolant conduits provided
a 3/8-inch AN wmale fitting.

Interconnections were made with 3/8-inch, 0.049-inch wall stainless
tubing and Parker 37-daegrees flare fittings or other fittings suitable for
pressures to 4000 psi. Interconnections can algo be made with suitable
high pressure flexible hosa. If flexible hoses are employed, care should
be taken to ensure that the lining is cowpatible with liquid anhydrous
ammonia.

4.  REMOTE OPERATION OF BXPULSION SYSTEM

A remotely located control system permits both automatic and manual
control of the coolant expulsion system, The manual shutoff valves and
metoring valves mist be preset prior to a test run to enable the remote
control system to properly perforwm its functions. A schematic diagram of
the remotely located control system is shown 4n Figure I-3, The electrical
equipient located at the coolant expulsion system is shown schematically in
Figure I-4. Tho control panel is shown in Figure I-5.
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The automatic features of the control system are achieved with two cam
type timers and a relay. Prior to a test run, the power ig turned on, the
nitrogen pressurizatior switch is turned om, and each of the three reset
buttons is pushed until the corresponding green light comes on. Simultaneous
with the starting of the plasma jet, a switch is automatically closed (Sig-
nal 1) which opens one of the solenoid valves in the flow control network
and the manifold valve admitting coolant to specimen 1., Simultaneous with
the start of the carrlage, a second switch is automatically closed which
starts timer 1. Timer ! immediately actuates switches which open the re-
maining three valves in the flow control network so that when specimen 1
reaches the jet, the coolant flow rate is at the waximum level. At preset
time intervals these same three valves close sequentially causing the coolant
flow rate through the test specimen to decrease in steps. About the time
specimen 1 leaves the jet, timer 2 is actuated and {mmediately all of the
flow control valves are opened. At this point, timer 1 is stopped. When
specimen 2 enteres the jet, the flow control valves repeat their routine,
when timer 2 stops, signals 1 and 2 are removed, and nitrogen pressure i3
dumped by briefly actuating the vent valve switch and observing the coolant
absolute pressure monitor. The reset buttons are pushed until each green
light comes on. Power 1s then shut off. Should an emergency occur during
a run, an abort switch can be actuated which removes power from all the
valves except the nitrogen vent valve.




APPENDIX II
FACILITIES
1, AFFDL 50 MW PLASMA ARC FACILITIES*

The Air Force Flight Dynamics Laboratory's 50 MW Plasma Arc Facility
consists of the Reentry Nosetip (RENT) test leg and the Hypersonic Test
Le% (4TL). Pitot pressures up to 100 atm and heating rates of 18,000 BTU/
fté-s to a 0.25-inch nose radiue tip can be obtained with the RENT test
leg. This leg is used basically for nosetip testing. The HTL test leg
can simulate heating rates corresponding to Mach numbers from 8 to 13 with
30-minute run times and is used primariiy to test and evaluate aerothermal
structures and thermal protection systems associated with reentry heating.
The HTL test leg can accept models up to 6 feet ian length.

Both legs of the plasma arc share a common air supply, electrical power
supply, cooling water aystem, and data acquisition system.

a. Arc Heators

The key compouents of the facility ate the high pressure, high
voltage arc hesters. ‘The N-~4 heaters presently used can heat up to 7 lbm/s
of air to canthalples of 2000 to 6200 BYU/lbm at pressures up to 125 atm.

The air is heated with a direct current arc, vortex stabilized along the

axis of two witer cooled tubular copper clectrodes in =osxinl tandem arraagu-
ment. The arc attachment points are stabilized axfally and rotated around
the {nsido walls of the electrodes by the combined action of electromagnetic
colls and the afr vortex.

By varying the direction and velocity of the afr injected into
the are beater, the onevgy distribution across the test section can be varied
from flat to peaked, with centerline enthalpy values nearly twice thosu
found in the survoundiag flow. A flat enthalpy distribution {s usually
used {n the dypersonic Test Leg snd peaked in the RENT leg. Varying the
internal airflow and facility pewer conditions produces enthalpies from
1,200 BTU/1bm to 6,200 BTU/lbm in the centar of the test jet, Contamination
of the af{r delivered to the teet section, consisting principally of copper
compounds frowm the electrodes, is less than 0.1 percent by weight and is
goenerally confined to the flow field perimeter.

®AFPDL 50 MW Plasma Arc Facility descriptica consists of excerpts from
Reference 10,

61




b. Data Acquisition and Recording

The two test legs share a common computer-based data acquisition
gystem which is bullt around an AMBILOG 200 hybrid computer. In the normal
data recording mode, 262 channels of data can be sampled each second, con-
verted to the proper engineering units, and recorded on magnetic tape. Not
all of the 262 data channels are available for model instrumentation. The
number available for model instrumentation is dependent on the signal con-
ditioning equipment used and on the overall requirements of the test program.
On-line computation of derived data is performed using multi-sample averages
of the raw data, and any four items of data can be presented with 1 second
update on a "nixie" tube display in the control room for monitoring the test.
In the high speed mode, used for RENT leg model data acquisition, up to 6
channels per model strut position can be sampled and recorded at 1 ms inter-
vals, Additional channels of high speed data can be recorded on oscillo-
graphs. After a test run the basic and computed data are retrieved from
the magnetic tape and printed at 1000 lines per minute.

c. RENT Test Leg

The RENT test leg produces a high enthalphy, high pressure air-~
stream ideally suited to the study of ablation phenomena. Other high pres-
gsure, high heating rate tests dealing with transpiration cooling and in-
ternally water cuvoled leading edges can also be accompli~hed.

A schematic of the major system components is shown in Figures II-l
and 1I-2, The use of an atmospheric-pressure free~jot test section is possi-
ble because the flow from the RENT nozzles is underexpanded to produce high
pitot pressures. Pitot pressureg up to 100 atm and stagnation point heat
fluxes of 18,000 BTU/ft2-g have been measured on 0.25-inch radius hemi-~
spherical nosetip models. These valuas of pressure and heating rate corrves-
pond to a total enthalpy of 6,200 BTU/lbm.
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Pigure I1-1. RENT Test Leg Schematic
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Figure II-2. RENT Test Section and Model Support
1) Model Support System

A linear motion model carriage is used for ingertion of the
models or probes into the test flow. The carriage has five model struts
laterally spaced 1 foot apart. All model struts and assoclated hardware
are water cooled. Water cooling can also be provided for models as requived.

The model carriage operation can be programmed so that each
strut has one of two types of exposure to the test flow. A model or probe
can be held on the flow centerline for a specified duration or swept across
the test flow at a specified velocity which way range from 1 to 100 {u/s.
Each of the five atruts has an axial dvive system that can be servo-con-
trolled to keep the nosetip of an ablating model at a given axial station
or be remotaly adjusted to any set point within its 6 inch range of travel.

The five strute arc designed to accept a standard hemisphere-
cone model of 2-iuch base diameter and a 10-degree cone half-angle. How-
ever, with the approval of the AFFDL project engineer, othar shapes and
sizes can be adapted to the facility,

2) Data Acquisition and Recoxding

As mentioned carlier, the key facility parameters can be con-
tinuously monitored from displays tn the control room. In addition, test
point data token at selected {ntorvals are recorded on magnetic tape by the
computer and printed out on request. In its high-speed mode, the computer
system can sample and record each of six chaunnels at l-ws intervals from
each atrut. Also, two CEC Visicordere arc avallable for strip chart dig-
playa of about 12 channels per strut, depending on the type of data being
recurded.
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In addition to the above data acquisition systems, two Photo-
sonic and one Hycam motion plcture cameras are available, The general char-
acteristics of these cameras are listed in Table 1I-l, The two Photosonic
cameras receive a 1 kHz signal from the computer from which a digital time
is generated and printed in a coded decimal form on each film frame. The
1 kHz signal is also recorded on the Visicorders, enabling all of the analog
and digital data to be correlated in time.

TABLE II-I

Available RENT Leg Photographic Equipment

Negative
Camera Size Remarks

Photosonic 16mm Use: RENT leg
High speed computer time displayed
on each film frame,
Frame rate: 24 to 1,000/s
Magazine capacity: 400 ft or
1200 ft
Normally available: 2

Mitchell 16am Use: RENT leg

1 kiiz timing marks available
Frame rate: 24 to 400/s
Magazine capacity: 400 ft
Noxrmally available: 2

Hycam 16nn Use: RENT leg

1 klz timing marks svailable
Frame rate: 8 zo 128/s
Magazine capacity: 400 ft
Normally available: 1

Mitchell 1G6um Use: RENT log and Hypersonic leg
Frame rate: 8 to {28/e

Magazine capacity: 400 ft
Normally available: 1

3) Nozzles

Threa types of nozzles are presently available for the RENT
arc heater: 1) countoured nozzlee fov parallel flow, 2) conical nozzles, and
3) flarved notzles. The nozzlos ave made of zirconium copper alloy and are
of thin wall design with high pressure and high velocity backside water
cooling. They are suitable for axc heater operation up to 1800 psi chamber
pressura.




The shrouded nozzles are designed to surround the hot core
with a large cold-flow pressure field which will permit thermostructural
tests of larger test articles and of bodies at different angles-of-attack.
The cold shroud flow is added through an annular slot upstream of the nozzle
throat. These nozzles require cold mass flow rates 5 to 15 times the heated
mass flow,

2, VACUUM FURNACE

A vacuum furnace was employed to boil off the copper from the
porous tungsten specimens. This furnace (shown in Figure II-3) consists of
a water cooled stainless steel tank with a viewing port and a gas tight
gland through which a water cooled RF coil 1is passed. A high capacity dif-
fusion vacuum pump is also attached through a series of valves and a liquid
nitrogen cold trap to the stainless steel tank., A 5 kW RF generator is
connected to the RF coil and provides the heat to boil off the copper. Boil-
ing off the copper in the prescence of a vacuum is necessary both to prevent
tungsten oxidation and to achieve copper boiling at relatively low tempera-
tures (copper boils at 2200°F at a pressure of 2.5 x 10-3 mm of Hg). This
facility was capable of achieving both these conditions.

Figure 11-3, Vacuum Evaporation Equipmont for Copper Removal
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3. RAMBURNER TEST FACILITY

The Martin Marietta Ramburner Test Facility delivers high tempera-
ture vitiated air to the test article from a blowdown system. The ramjet
combustor burns over a pressure range from 30 to 300 psia and has a variable
controlled combustion temperature from 2500°R to 4500°R. An inlet tempera-
ture is controlled by an 0p-Hy preheat system. The combuster characteris-
tically burns JP-4 fuel, although other fuels have been used, A summary
of the available test conditions is given in Table II-II.

The facility is shown in Figure II-4 and a system schematic is
shown in Figure II-5. Gas flow is controlled through automatic sequencing
equipment.

TABLE 1I-1I1

Subscale Ramburner Facility Operational Capability

Combustor
Available Alr Fuel Alx Alr Gas Combustor
Alr Flow Flow Temperature |Pressure | Temperature | Pressure
(1b) (1b/s) | (1b/s) (°R)/02H2) | (psia) (°R) (psia)
300 1 to 25 [0.05 to | 520 to 2000 30 to 2500 to |30 to 300
2.0 for 10 min+ 350 4500




-

Figure II~4. Subscale Ramburner Test Facility
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infiltrated with copper. This material is prepared by powder metallurgical techniques

1. SCOPE
1.1 This specification covers one type of pressed and sintered porous tungsten,
in the form of bars, rod or plats.

2. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on the date of invitation for
bids or request for proposal, form a part of this specification to the extent specified

herein.
SPECIFICATIONS
Zederal
QQ~A-673 Anodes, Copper
Military
MIL-X-6866 Inspection, Penetrant, Hethod of
STANDARDS
Pederal
FED-TEST-METHOD-GTD-151 Hetals, Teat Mothods
Nilitary
KIL-510-129 Marking for Shipment ard Storage

(Copies of specifications, standards, drawings and publications requircd by supplier
in connection with specific preocurement functions should be obtained from the procuring
activity or as directed by the contracting officer.}

2.2 Other publications.~ The following documents form a part of this spacification
to the extent specified harein. Unless othervige indicated, ths issue {n affoct on
date of invitation for bids or requost for proposal shall apply:

Auerican Soclety for Testing and Materials

ASTH«E~2 Standard Nathods of Preparation of
Micrographs of Hetals and Alloys

ASTN-2-8 Methods of Tension Testing of Netalie

*

Haterials
AEDGTA0IT Simdandot he;u:A bowi-Aoalyate-oh
§12€ | CODE IDENT RO.
Al v 11181124
[ SCAE jn.w 3 ]sum 3

A
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ASTN-B-112 Standard Methods for Estimating the Average
. Grain Size of Metals

(Application for copies of ASTM publications may be obtained from the American Society
for Testing and Materials, 1516 Race Street, Philadelphia , Pennsylvania 19103.)

Society of Automotive Engineers

AMS 2630 Ultrasonic Inspection

{Application for copies of AMS publications may be obtained from the Society of Auto-
motive Engineers Inc., Department 010, Two Pennsylvania Plaza, New York, New Yok,
10001.)

{Technical society and technical association specifications and standards are genorally
available for reference from libraries. They are also distributed among technical groups
and using Pederal agencies.)

3. REQUIRENENTS

3.1 Qualification.- The material furnished under this specification shall be a
product which has been teated, and passed the qualification tests specified herein.

3.1.1 Requalification.~ The supplier is advigsed that if the material formulation
v construction has been changed zince the receipt of qualification approval, samples
aall be submitted for reapproval. before supplying material tn the requirerants of
this specificatioa.

3.1.2 Son:ce information.= Only the item(s) listed on this draw'ng and identified
by the vendor's nacoc(3), addross(es), and part nunber (s) have been tested and approved
by Safaguard Systonn Comyuaad for use in the Safeguard System. A substitute item shall
not bs used without prive testing and approval by Safeguard Systes Command.

3.2 Naterial.~ The material shall be suppiied in the as sintored and infiltrated
condition. It shall be a porous tungsten base of uniformm particle size manufactured
by powdor metallurgical processes and infiltrated with copper. After sintering, the
porous tungsten base shall he of uniforn density (78 to 82% of theoretical). Not
lesa than 958 of the pores shall Le intnrconnecting. the {nfiltration efficiency shall
ba at loast 908,

3.2.1 Component proportions,e
Nukysten 78 to 82 volume 8 (89 to 91 weight o)

Copper 16 to 22 voluma & {8 to 11 weight &)

3.) Chenical composition of comfonente.=

Turjaten Coppag
Caxboa $0 ppo waxisus QQ-A-673, Typs II Rapuircmants
Quygen 100 piw maximun
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3.3 Chemical composition of ccmponents (continued).-

Zungsten
Nitrogen S0 ppn meximum
Tungsten 99.93% minimm

3.4 Density and ultimate tensile strength.~ The sintered and infiltrated material
shall have the following properties at roo taperature:

Density 16.8 to 17.3 grs/cc
Ultimate tensile strength 60,000 psi minias

3.5 #icrostructure ard grain size.~ The microstructure shall exhibit a uniform
distribution of tungsten and copper. The grain size of the tungsten shall bs 0.010 ma.,
saximum, whon examined at 100 magnification. The size of the copper filled areas shall
not excesd the tungsten grain size,

3.6 Defects.~

3.6.1 Surface defects.~ No cracks or discontinuities are permissible as deter-
mined by penetrant inspection.

3.6.2 Internal defects.- Tre material shall be sound and froe of intornal defects.

3.7 Marking.~ Each container for the materials covered by this specification shall
be marked in a parmanont manner with the following i{nformationt

a. This spacification nurdber and rvevision level
b. Supplier's name, address, and designation
Q. Purchage order numbex.

3.8 Workmanship.- The mater:al shall be uniform in toxturs, free fron impurities
and othar dafacts that would prevent its use for tha purpose intended, or that will
adversely affect life, serviceability, or appearance.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responaibility for inspection.~ Unless othervise spocified in the contract
ox purchase ordar, the supplier Le responsible for the performance of all inspection
requirenants as spocifind herein. xcept as otherwize spocificd, the supplisr may
utilize his oun facilities or any exr:ercial laboxatory acceptabla to the procuring
activity. The procuring activity reeexves the right to porform any of the ingpections
set forth in tho speclfication whoxn such {nspections are d 4 axy to
aupplies and sarvices conform to the prescribsd roquiremonts.

4.2 Claasification of teats.~ Inspection and testing shall be classifaed as
follosst

a. Qualification teasts
b. Quality contormance taste

Site | CODE IDENT NO.
A 17773 31181124
2 "‘] v ] SHEET .
N
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4.2.1 Qualification tests.- Qualification tesis shall consist of tests for all
requirements of this specification.

4.2.2 Quality conformance tests.- Qu :lity conformance tests shall consist of
tests for the following requirer:onts for each lot.

Test or inspection Requirement Test methed
Density 3.4 4.3.2
Visual 3.8 4.7

4.3 Test methods.-

4.3.1 Densgity,- The water displacement method of measuring density shall be
used. For samples under 200 grams, a suspended pan balance with a sensitivity of
0.0005 grams is used. For samples between 200 and 2000 grams a suspended
pan balance with a sensitivity of 0.01 grams is employed. Distilled water to which
5 drops per 1000 ml (of water) of an aerosol wetting agent has been addued is used
for immersion of the samples. The sample is -uspended in the water by means of
a fine wire of sufficient size to safely carry the load. Density is calculated by
the usual formula:

D+ Weight in air (grams)
Loss of weight in water (grams)*

*Values used in tuie formula must be corrected for the weight of the
suspension wire,

4.3.2 Chemical composition of components.-  The chemical composition of the
copper shall be determined ir accordance .ath Method 111.2 of FED-TEST-
METHOD-STD-151. The oxygen and nitrogen content of the skeletal tungsten
shall be determined in accordance with the procedure and equipment of LECQ
TC-30 Simultuncous Nitrogen-Oxygen Determinator, Laberatory Equipment
Corporution, 300 Lakeview Avenue, St, Jogeph, Viichigan 49085, or equivalent.
The carbon content of th: skeletal tungsten shatl be determined in accordance
with the procedure and equipment of LECO Gasometric Carbon Analyzer, Labora-
tory Equipment Corperation, 300 Lakeview Avenue, 8t. Joseph, Michigan 19085,
or eqiivalent. The tungsten content shall be determined {n accordance with
Method 111,2 or 112.2 of FED-TEST-METHOD-STD-151,

4.3.3 Uldmate tensile strength.- The ul'imate tensile streagth shall be
determined in accordance with ASTM-E-8,

4.3.4 Microstructure.~ 'fhe microstructure shall be determined in accordance
with ASTM-E-2,

b
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4.3.5 Grain size,- The grain size shall be determined in accordance with
ASTM-E-112,

4.3.6 Surface defects.- Surface defects shall be determined in accordance
with MIL-I-6866, Type I, penetrant inspection.

4.3.7 Internal defects.- Internal defects shall be determined in accordance
with AMS-2630, ultrasonic inspection.

SO0 TOeNT RO,
Al v _ 11181124
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4.4 Test conditions.- Unless otherwise specified in the test procedures, tests
shall bs conducted at a temperature of 77 +10* P and the relative humidity shall be
30 to 70 percent.

4.5 Examination of product.= All samples of material shall be examined carefully
to determine conformance to this specification with regard to requirements not covered
by specific test methods,

4.6 Examination of preparation for delivery.- Preparation for delivery of mater-
ials ready for shipmea: shall be examined to determine conformity to the requirements
of Section S.

4.7 Viscual inspcction.- All samples of material shall be examined carefully to
detsrmine conformance to t“e requirements specified in *.8 .
Unless othsrwise specified, all visual examinations shall be conducted with an unaided
eye, except for normal corrected vision.

4.8 Rojection.~ Pailure to meet any requirements of this specification shall
be cause for rojection of the entire lot.

4.9 Vendor report.- Vendor shall submit with each shirment a certified report
of compliance to the requiramonts of this specification.

S. PREPAIATION FOR DELIVERY
5.1 Packajing.~ The matcrials are normally swpplied in crates, boxes or cartons.

'D 3.2 Packing.~ 1The matorial shall be prepared icr shipment in accordance with
comerciol privtice to Insure carrlor acceptance and safe trancportat’ 'n at the lowest
rats of delivery and odhall meet, as a minicum, the requiremmnts of carrier rules and
requlations applicable co the sode of transportation.

5.3 Myrdir of shirrants.- Pach shipping containcr shall ba marked in a permanent
cdnace fn accorcunca with HIL-51D-129 where agplicable, with the following luformation:
4, This specification aumber and rovision level, and item classification
b. Sunplier's nare, adtiess, aid designation
g. Date of shipment
d. Purchaca order nuaber
e. Lot awhar

6. WOTES

6.1 Intord-d wie - Parts fabricatcd froa this material are intended for use in
extreza high texpiratwee and oxidasing enviromianta.

$.2 Definitiops.~

6.2.1 Lot.= A lct shail conolst of all material dolivercd for acccptance at one
tiog which hio bean falreicatsd_frem ean batih.of xadiratoxiala. .

SE | CUDE 10N KO
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6.4

6.3 Ordering data.- Procurament documents shall include the following:

(8) <Title, number, and rovision level of this specification
(b) Supplier's item identification number, name, and address
(c} Quantity of material required

Approved sourcs(s) of supply.~

Teledyns Wah Chang Albany
Albany, Oregon 97321

Sylvania Electric Products Co.
Towanda, Pennsylvania 18848

e | CODG IDERT KO
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February 25, 1964
————e—

SUPERSEDING
Fed. Spec. QQ-A-673
June 2, 1958

FEDERAL SPECIFICATION
ANODES, COPPER

This specification was approved by the Comunissioner, Federal Supply Serv-

i Services Admini

ice, G

1. SCOPE AND CLASSIFICATION

1.1 Scope. This specification covers cop-
per anodes for use in electroplating baths.

1.1.1 Federal specification coverage, Fed-
eral gpecificationa do not include all varie
tles of the commodity as indicated by the
title of the specification, or which are com-
mercinily availabie, but are intended to cov-
er only those generally used by the Federal
Government.

1.2 Classification,

1.2.1 Typss. Copper anodes shall be of the
{ollowing types, as specified (sc0 6.2):

Type I.—Non-deoxidized.
Type IL.--Oxygen freo.

Type IiI.—Deoxidized, phosphorus bear.
ing.

2. APPLICABLE SPECIFICATIONS
AND STANDARDS

2.1 The following specifications and stand-
ards, of the fssues in offect on date of in-
vitation for bids or request for proposal,
form a part of thia specification:

Federal Specifications:

PPP-B.-185-~Boxes, Wood, Wirchound,

PPP-B-i0I—Boxes, Wood, Cleated-Ply-
wood.

PPP-B-621—Boxea, Wood, Nalled and
Lock-Corner, ’

ion, for the use of all Federal agencies.

Federal Standards:

Fed. Std. No. 102-—Preservation, Pack-
aging, and Packing Levels.

Fed. Std. No. 123-—Marking for Domes-
tic Shipment (Civil Agencies).

Fed. Test Method Std. No. 151-—Maet-
alg; Test Methods.

(Activitios outside the Fedoral Government may
obtain coples of Federal Spacitications, Standards,
and Handbooks as outlined under General Informa-
tlon in the Index of Fodoral Specifications, Stand-
ards, and Handbooks and at the pricea indicated in
the Index. Tho Index, which includes cumulative
monthly supplementa as issued, {8 for sals on a sub-
scription basis by the Superintendent of NDocuments,
U. 8. Government Printing Officy, Washington,
D. C. 20402

(SIngle coples of thia specification and other
product specifications requived by sctivitics outsid
the Pedoral Goverament Jur bidding purposes are
available without charge at the General Services
Adwinisteation Reglonal Offices in Boston, Now
York, Washington, D. C,, Atlunta, Chicago, Kanans
City, Mo, Dallss, Denver, San Francisco, and
Auburn, Wash.

(Federal Governmant activitles may otlain coples
of Federal Specifications, Standards, and Hand.
books and the Index of Fwxleral Specifications,

Standerds, and Handbooke from bllshed dis.
tribution polnts in their agencies))
Military Standards:
MIL-STD-105 - Sampling  Procedures

and Tables for Inspection by Attri-
butes.

MIL-8TD-120-—Marking fnr Shipment
and Storage.

FSC 3426
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(Copies of Military specifications and standards
required by sup;liers in connection with special
procurement functions should be obtained from the
procuring activity or as directed by the contracting
officer.)

3. REQUIREMENTS

8.1 Materials. Anodes shall be of solid
copper. They shall be either cast, ‘orged,
rolled to size, or cut to size from electroly-
tic cathodes, castings, or rolled plates.

3.2 Size, shape, and method of suspen-
slon. The size, shape and method of sus-
pension (when applicable) of the anodes
shall be as specified (see 6.2).

3.2.1 Ball anodes shali have a diameter of
approximately 2 inches and weigh not less
than 1-1/4 pounds. Sheared bar and shapes
with one or both ends hemispherical are ac-
ceptable provided that the overall length
does not exceed four inches, For type II cop-
por anodes only, cut bars with a maximum
length of four inches and a meximum diam-
eter of twn inches will be acceptable.

'I‘A BLI-. I——(‘hemwal conmos:tmn’

1 T Tm
Copper, Tt ! oo -
pereentt C.of 00.00 min | 00.05 win | 90.80 min.
tron, porcent| 0.003 max.| 0.002 max.| 0.003 max.
dultur,
pereent ... 0003 mex.| 0.003max.) 6003 max.
Lend, poreont] G003 max.| ¢.003 max.| 0.002 max.
Anthmony, |
percent .. n.ooz!mnx.l 0,002 max.| 0.002 max.
Nickel, !
pereenit ... 0.003 max.} 3002 max. 0.003 max.
Tatal !
netattle '
impurities, :
acrcent ... 001 max.! 001 max.! 00! max.
Oxvecn, .
pereent ... 0048 max, - —
Pheephorua,
peresnt ... - 0001 max.! 015t

0.040

' Rllear fa counted Ra copper.

¥ Analysis shall be made only for the elements
eperifivally mentloned {n the above table. If,
however, the presgnre of other clements is ine
disated in the course of routine analyals, further
analysis shall be vede to determine that thess
other elementy sre udl prraent in exeoas of the
Hrakie apecifiod.

3.3 Chemical composition. Unless other-
wise specified in the contract or order (see
6.2), the composition of the copper ancdes
shall meet the requirements shown in ta-
ble L

3.3.1 An analysis for each lot of anodes
shall be furnished by the contractor show-
ing the percent of the elements designated
in table I

3.3.1 An analysis for each lot of anodes
shall be furnished by the contractor show-
ing the percent of the elements designated
in table I.

3.4 Cuprous oxide. Types I and IIT anodes
shall be free from ruprous oxide when
tested in accordance with the microscopic
test as apecified in 4.5.2.

3.5 ldentification. Fach anode, except hall
anodes, shall be permanently identified with
the following information:

(a) “"ANODE, COPPER”
(b) Specification number
(¢) Type classification

3.5.1 Ball anodes, Fach ball anode ghall be
pormanently marked with the word “cop-
por” or tho symbol "Cu,” either ax the re
sult of casting or otherwise imprinting the
selected identifying mark.

3.6 Workmanship. Anodes shall be cloan
and substantially free from cracks, casting
laps,  warps, Inclusions, porosity. ragued
edgoes, surface films such as rolling skin,
and other defects which may adverrely «f-
feet uniform corrvosion in service. Anodes
shall not be broken.

1. SAMPLING, INSPECTION. AND
TEST PROCEDURES

4.1 Unlesa otherwire specified in the con-
tract or purchase order. the supplier ix re-
spongible for the performance of all inspee.
tion requirements as specifiwd herein, Fx.
vept A8 otherwise specified, the supplior
may wtillze his own facilitien or any com-
merclal laboratory scceptable to the Gov-




ernment. The Government reserves the
right to perform any of the inspections set
forth in the specification where such inspec-
tions are deemed necessary to assure that
supplies and services conform to prescribed
requirements, .

4.2 Lot. Unless otherwise specified in the
contract or order (see 6.2), a lot shall con-
sist of all anodes of one shape and type in
a single shipment. When practicable, each
lot shall be made up of a.>des of the same
melt, size, and weight.

4.3 Sampling. Unless otherwise snecified
and when applicable, sampling plans and
procedures in the determination of the ac-
ceptability of producta submitted by a sup-
plier shall be in accordance with the provi-
sions set forth in MIL-STD-106.

4.3.1 Lot acceplance samples.

4.3.1.1 For vigual examination. Sample
anodes for visual examination shall be se-
lected from each lot of anodes in accordance
with tho provisions of MIL-STD-105.

4.3.1.2 For chemical analysis and micre.
gcopic cxamination. Sample anodes shall be
selected as follows:

(a) For ball anodes or sheared bar and
shapes not exceeding 4 inches in length, 4
samplo anodes ahall be selocted at random
from each lot.

(b) For shapes other than balls or
sheared bar and shapes not oxceeding 4
tuches in length, at least 2 samplo anodes
shall be selected at random from each lot,
or from each malt {f the lot conatsts of niore
than one molt, If the melt or melta cannot
bo identified, at least ¢ anodes shall be se-
lected at random from each lot.

4.3.1.2.1 For chemical analysis, A composa-
ite sample of .t least 2 ounces of chips or
drillings obtained by drilting or machining
the san.ple anodes of 4.3.1.2, In nccordunce
with method 111 of Fed. Test Method Std.
Nuo. 151, Chips or drillings shall be cleaned
with a magnet. The aample shall bo {ree

QQ-A-673a

from dirt, oil, grit, and other foreign matter.
Anodes which have been drilled or machined
for chemical analysis may be included in the
ot for shipment.

43.1.22 For spectrochemical analysis.
Two rod electrodes shall be prepared from
each of two anodes in accordance with meth-
od 112 of Fed. Test Method Std. No. 151.
The samples shall be prepared by conven-
tional methods, suitable for correct appli-
cations and usages of the techniques em-
ployed, The samples shall be free from dirt,
oil, grit, and other foreign matter. Anodes,
execept for ball type, from which clectrodes
have been obtained may be included in the
lot for shipment.

4.3.1.2.3 For microscopic examination,
Type I and type III anodes that huve been
drilled or machined for chemical analysis
under 4.3.1.2.1 and 4.3.1.2.2 shall be em-
ployed for the determination of the presence
of cuprous oxide.

4.4 Lot acceptance examination.

4.4.1 Anodes. Sample ancdes selected in
accordance with 4.3.1.1 shall be visually ex-
samined for conformance to the requirements
of 3.2, 3.5 and 3.8. Accep*ance criterin ghall
bo in accordance with MIL-STD-105 inzpec-
tion level 11, acceptable quality lavel 1.5 per-
cont.

§.4.2 Packing and marking. Packing and
marking of the anodea shall conform to this

apecification.

4.5 Lot acceplance tests.

4.5.1 Chemical composition. Sample anodes
solocted in accordance with 4.3.1.2 shall be
tested in accordance with method 111 or 112
of Fed. Test Method Std. No. 151 to detur-
mine conformunce to the chemical requive-
ments of table I. If the sample fails to con.
form to the requirements of table I, the lot
shall bo rejected.

4.5.2 Cuprous oride. Sample anodey se.
lected i accordance with 4.3.1.2.3 shall be
tested for the presonce of cuproug oxide
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The oxide shall be determined by micro-
scopic examination at 75 diameters magnifi-
cation for compliance with 3.4. Any sample
found to contain cuprous oxide shall reject
the lot,

§. PREPARATION FOR DELIVERY

(For civil agency procurement, Fed. Std.
No. 102 should be referred to for the defi-
nitions and applications of the levels of pres-
ervation, packaging and packing protection.)

5.1 Packing. When practicable, anodes of
the same size shall be packed together. Un-
less otherwise specified, the gross weight of
each box shall not exceed approximately 200
pounds.

5.1t Level A. Anodes shall be packed in
boxes in accordance with PPP-B-601 (over-
scas type), or PPP-B.621 (overseas type).

5.1.2 Level B. Anodes shall be packed in
domestic type boxes in accordance with
PPP.B-585, PPP-B-601, or PPP-B-621.

5.3 Level C. Anodes shall be packed or
otherwise propared for shipment to insure
carrier acceptance and to insure safe deliv-
ory to destination at the lowest applicable
rate. Containers shall meet, as & minimum,
the requiroment of rules and regulations
applicable to the mode of transportation se-
lected.

6.2 Marking.

5.2.1 Civil agencics. In addition to any
apecinl marking required by the contract or
arder (seo 8.2), shipping containers ahall be
marked in accordance with Fed, Std. No. 123.

8.2.2 Military agencies. In addition to any
special marking required by the contract or
order (see 6.2), shipping contalners shall be
marked in accordance with MIL-STD-129.

$.2.3 Specific markings. Each container
shall be marked with the following:

(a) Specification number
(b) Type and nomenclature, as applicale

{c) Contractor

(d) Contract number or order number
(e) Quantity

(f) Gross weight

6. NOTES

6.1 Intended use. Copper anodes are in-
tended for use in copper-plating baths.

6.1.1 Performance. Cast, forged, rolled,
or electrolytic copper anodes are satisfac-
tory in cyanide copper baths. Cast and rolled
anodes are satisfactory in acid copper baths
but there is some evidence that electrolytic
copper anodes are less satisfactory in this
type of brth. There is also some evidence
that oxyge. free anodes produce leas sludge
in cyanide baths and that oxygen free, phos-
phorus bearing anodes are more aatisfac-
tory in this respect in acid copper baths.

6.2 Ordering data. Purchasers should ex-
ercise any desired options offered herein
and procurement documents should provide
the following (sce 4.1 and 4.3):

(a) Titlo, number, and date of this spec-

ification.

(b) Size, shape and method of suspension

{when applicable) (3.2).
(¢) Compoaition, if difforent from 3.3,
(d) Size of lot, if differont from 4.2.
{¢) Whether lovel A, level B, or level ¢
packing 18 required (5.1.1, 5.1.2,
and 5.1.3).

{f) Additional marking, it
(5.2).

(g) Bid sample, {f necesaary (0.4).

necessary

6.3 Methods of chemical analysls. It is In-
tended that the chemical analysis be con.
ducted 8o that no particular method of anal-
yals bo specified. As a gulde, copper con-
tent in anodes may be determined in accord-
ance with ASTM Designation 15-563, Mothod
for Chemical Analysis of Copper (Electro-
Iytic Determination of Copper). Metallie im-
purities in copper anodes may be determined
by spectrographic methods in accordance




with ASTM Designation E-2 SM5-2, Spec-
trochemical Analysis of Wrought Copper
Alloy by the DG Are Technique o photo-
metric methods in accordance with ASTM
Designation E62, Standard Photometric
Methods for Chemical Analysis of Copper or
Copper-Based Alloys.

6.4 It is believed that this specification
adequately describes the characteristics
necessary to secure the desired material,
and that normally no samples will be neces-
sary prior to award to determine compli-
ance with this specification. If, for any par-
ticular purpose, samples with bids are nec-
essary, they should be specifically asked for
in the invitation for bids, and the particular
purpose to be served by the bid sample
should be definitely stated, the specification
to apply in sll other respects.

6.5 Transportation Description, Transpor-
tation descriptions and minimum woights ap-
plicable to thiz commodity ave:

Rail:
Anodes, copper.

Carlond  minimum
pounds

weight 40,000

f1 U8 COVEAMMENT MRIHTING OFFICTI 1084 TORBS4/ R0

QQ-A-673a
Motor:

Anodes, copper.
Truckload minimum weight 40,000
pounds, subject to Rule 115, Na-
tional Motor Freight Classification.

Notice, When Government drawings, specifica-
tions, or other data are used for any purpose other
than in connection with a definitely related Govern-
ment procurement operation, the United States Gov-
ernment thereby incurs no responsibility nor any
obligation whatsoever; and the fact that the Govern.
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data, is not to bo regarded by implication or other-
wise as in any mannor licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, uss, or sell any
patented invention that may in any way be related
thercto.

MILITARY CUSTODIANS:

Army—WC

Navy-—Wep

Alr Force—~WRAMA (Code 84)

wn(:‘wh-c of thix lpecifkwm.;nly be p\;l;h-l&d for & conts each,
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